Introduction {#Sec1}
============

The main route of transmission of the new coronavirus called COVID-19 (SARS-CoV-2) is through mucosal contact with infected exhaled droplets \[[@CR1]\]. Considering the higher viral load detected in the nose, compared with the lower respiratory tract \[[@CR2]\], this may be one of the first anatomical structures exposed to viral contagion as evidenced by the fact that acute anosmia is a relatively common presenting symptom \[[@CR3], [@CR4]\]. With the rapid spread of COVID-19, global health-care systems have faced the challenge of treating an overwhelming number of patients for which there is no widespread immunity. As a result, many off-label therapies have been tried but so far with uncertain results. In addition, the mild symptoms in the majority of cases and the saturation of hospital beds may compel doctors to treat the majority of infected people at home. In this situation, experimental treatments are not readily available to those at home or be available in low-resource setting \[[@CR5]\].

Acetic acid, the active component of vinegar, is a commonly available disinfecting agent. Inhalation of a water-based acetic acid solution to treat the symptoms of the common cold is a common folk remedy in Italy. Indeed, the anti-bacterial and anti-viral activities of acetic acid are documented in the literature \[[@CR6]--[@CR9]\]. Acetic acid causes inactivation and dis-aggregation of haemagglutinin glycoproteins (found on the surface of influenza viruses) by generating a low pH-dependent conformational change of those glycoproteins and it destroys the viral envelope and inhibits viral transmission \[[@CR6]\]. Therefore, considering these antiviral properties and that the upper airways are the main site of SARS-CoV-2 entry and replication, we have explored the use of this historical therapy in early-stage cases of COVID-19 by evaluating patients who were administered a disinfecting formulation of acetic acid as an intranasal aerosol.

Materials and methods {#Sec2}
=====================

In this prospective study, we included patients attending the Emergency Department of Cremona Hospital with positive real-time polymerase chain reaction (RT-PCR) for SARS-CoV-2 performed on nasopharyngeal swabs.

The study was conducted according to the ethical standards established in the 1964 Declaration of Helsinki (revised in 2013) and was approved by the local ethics committee (Comitato etico Val Padana, Protocol No. 63-2020-OSS_ALTRO-CR45).

Records of patients positive for COVID-19 infection with mild symptoms who were discharged home after accessing the Emergency Room over March 2020 were evaluated and included in the study. Exclusion criteria were asthma (due to the possible bronchoconstriction from the acetic fumes) and intolerance to sulphites.

Patients treated with off-label hydroxychloroquine and lopinavir/ritonavir, the standard treatment prescribed at that time, were included in group 1, whereas group 2 was composed of patients treated with hydroxychloroquine only, combined with acetic acid nasal disinfectant at a 0.34% concentration.

While group 2 was created prospectively, group 1 was composed of patients that were recorded in the same period but retrospectively included in the study.

The solution was prepared by patients at home, using 3.5 dessert spoons (approximately 35 ml in total) of vinegar (with a 6% concentration of acetic acid) in 500 ml of boiling water. Patients were instructed to exclusively inhale the fumes of the solution through the nose using a commercially available device (Fig. [1](#Fig1){ref-type="fig"}) for 10 min twice a day. Inhalations could also be performed using a bowl with a towel over the head, with the only precaution of covering eyes to avoid possible local irritation.Fig. 1An inhalation plastic device is shown (**a**). The mask is applied to the face to inhale the disinfectant solution (**c**). The acetic acid solution can be poured in a bowl (**b**) and fumes are inhaled placing the face above the bowl; the head is covered by a cloth to reduce fume dispersion (**d**)

Patients' symptoms at presentation, clinical course, symptoms after 15 days and the presence of SARS-CoV-2 on nasopharyngeal swabs taken after 15 days were recorded. Symptoms were evaluated through a questionnaire based on general questions on comorbidities, general and ENT symptoms associated with COVID-19 infection. The questionnaire only offered a binary answer (yes/no) to the following questions: Do you have/experienced any improvement/resolution of Cough? Fever? Shortness of breath? Vomiting/Diarrhoea? Fatigue during the day? Headache? Nasal sneezing? Blockage/Congestion of the nose? Loss of smell/taste?

Results {#Sec3}
=======

Twenty-nine patients were enrolled. There were 14 patients in group 1 (standard treatment) (7 females and 7 males, aged 33--73 years), and 15 patients in group 2 (acetic acid treatment) (11 males and 4 females, aged 49--80 years). Treatment compliance was 100% in both groups; no adverse events related to acetic acid inhalation were reported.

In group 1, all patients presented cough and fever, whereas in group 2, seven patients reported mild cold symptoms and eight patients cough and fever. All patients were followed for 15 days. In group 1, one patient was hospitalized because of increasing severity of respiratory symptoms, while 13 patients reported improvement of symptoms after 15 days. Seven patients out of 13 had a negative RT-PCR for COVID-19 at 15 days.

In group 2, after 15 days, all patients reported symptom improvement, 12/15 patients tested negative for SARS-CoV-2, whereas 3/5 patients were still positive. Twice the number of patients experienced improvement in individual symptoms in group 2 than group 1 though numbers are too small for statistical analysis. (Table [1](#Tab1){ref-type="table"}).Table 1Patient's questionnaire responses before (pre) and after (post) the therapyGroup 1 pre\
*N *= 14Group 1 postGroup 2 pre\
*N* = 15Group 2 postCough111120Fever13280Dyspnoea3220Vomit/diarrhoea1010Fatigue during the day6563Headache3240Blockage/congestion of the nose7372Anosmia4252Dysgeusia2221*Group 1* control group, *Group 2* vinegar group

In all cases, the acetic acid inhalation was well tolerated as evidenced by compliance, although this was self-reported.

Discussion {#Sec4}
==========

The results of the study suggest a possible effect of acetic acid on the upper respiratory airway, which may lead to a faster clinical resolution of COVID-19. Our study is one of the first attempts to identify a topical therapy that could influence the natural history of COVID-19. The efficacy of acetic acid could be attributed to the exposure of respiratory mucosa, a known hotspot of viral replication, to a highly effective disinfectant. Acetic acid disinfection could not only improve the clinical course of COVID-19, but also reduce viral load in the airway and in the droplets exhaled by infected individuals. Thus, a possible beneficial effect of this topical treatment in reducing the spread of the disease can also be hypothesized.

The decision to avoid anti-viral therapies in group 2 was based on the increasing concern about the real benefits of that treatment and in the updated Italian guidelines (March 2020) \[[@CR10]\], ritonavir/lopinavir is now not considered to be effective. Therefore, taking into account the ineffectiveness of ritonavir/lopinavir, the pharmacological treatment regimens of the two groups can be considered equivalent.

This study have (has) some limitations: first, it would have been important to have a visual analogue scale to evaluate symptoms referred by the patients; second, some factors like age and gender differences between studied group could be considered a bias in the outcome of the study; third, due to the emergent situation, no anosmia testing was performed in the Emergency Department so that it is only based on self-reported symptom.

In conclusion, considering its potential benefits, high availability and absence of reported side effects, acetic acid disinfection appears to be a promising, cheap, easily administered and well-tolerated adjunctive therapy in cases of non-severe COVID-19.

This is a small study performed at the height of the COVID crisis in a rapidly changing clinical environment. Additional studies on larger samples with a control inhalation arm are needed to provide high-quality evidence to further support the employment of this ancient remedy.
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